A novel Gram-staining-positive, aerobic, endospore-forming, rod-shaped bacterial strain, YN2 T , was isolated from ripened Pu'er tea. Phylogenetic analysis of 16S rRNA gene sequences showed that the strain represented a novel species of the genus Paenibacillus. The strains most closely related to strain YN2 T were Paenibacillus vulneris JCM 18268 T and Paenibacillus rigui JCM 16352 T , with 16S rRNA similarities of 98.6 and 95.5 %, respectively. Chemotaxonomic data supported the affiliation of the new isolate to the genus Paenibacillus, including MK-7 as the major menaquinone, DNA G+C content of 51 mol%, cell-wall type A1c (mesodiaminopimelic acid as the diagnostic diamino acid) and anteiso-C 15 : 0 and iso-C 16 : 0 as the major fatty acids. Major polar lipids were diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylglycerol, phosphatidylmonomethylethanolamine and phospholipid. Strain YN2 T could be differentiated from recognized species of the genus Paenibacillus based on phenotypic characteristics, chemotaxonomic differences, phylogenetic analysis and DNA-DNA hybridization data. On the basis of evidence from this polyphasic study, Paenibacillus yunnanensis sp. nov., is proposed, with strain YN2 T (5CGMCC 1.12968 T 5JCM 30953 T ) as the type strain.
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The genus Paenibacillus was proposed based on the reclassification of 11 species of the genus Bacillus by Ash et al. (1993) . The description of the genus Paenibacillus was subsequently emended by Shida et al. (1997) . At the time of writing, the genus comprised more than 100 species and subspecies with validly published names (http://www. bacterio.net/paenibacillus.html). Generally, the genus Paenibacillus comprises Gram-staining-positive or Gram-variable endospore-forming rods with oval endospores and swollen sporangia. The major fatty acid is anteiso-C 15 : 0 and meso-diaminopimelic is commonly present in peptidoglycan (Priest, 2009) . Species belonging to the genus Paenibacillus have been isolated from various ecological habitats, including air (Rivas et al., 2005) , sediments (Moon et al., 2011; Lee et al., 2013) , glacier (Kishore et al., 2010) , the rhizosphere of trees (Zhang et al., 2013) , the surface of sterilized seeds (Šmerda et al., 2005; Liu et al., 2010) , wetland (Baik et al., 2011) , a necrotic wound (Glaeser et al., 2013) and pu'er tea (Oh et al., 2008; Kim et al., 2009 ). Here we describe the taxonomic characterization of a novel aerobic, mesophilic, Gram-staining-positive species of the genus Paenibacillus isolated from pu'er tea.
During the course of our investigation on the culturable aerobic bacterial community of a ripened Pu'er tea in Yunnan province (China), a large number of bacterial strains were isolated. In this study, we characterized one of these isolates, strain YN2 T . Phylogenetic, chemotaxonomic, DNA-DNA relatedness and phenotypic analyses supported the affiliation of this isolate to the genus Paenibacillus, and the data obtained in this work suggest that the isolate represents a novel species of this genus.
The pu'er tea sample was suspended in sterile water, and the supernatant was spread on Luria-Bertani (LB; laboratory-prepared) agar medium by serial dilutions. After incubating at 30 8C for 48 h, strain YN2
T was recovered.
Genomic DNA preparation, 16S rRNA gene amplification and sequencing were carried out as described previously (Niu et al., 2008) . The almost complete 16S rRNA gene sequence (1533 bp) was obtained with primers 27F (59-AGA-GTTTGATCG/CTGGCTCAG-39) and 1541R (59-AAGGAG-GTGATCCAGCC-39), corresponding to base positions 8-27 and 1541-1525 of the 16S rRNA gene of Escherichia coli (Winker & Woese, 1991) . The sequences obtained were compared with sequences from the GenBank database, using the MegaBLAST program (Ma et al., 2002) . Sequences were aligned using CLUSTAL W software (Thompson et al., 1997) . Distances were calculated according to the method of Jukes & Cantor (1969) . Phylogenetic trees were inferred using neighbour-joining (Saitou & Nei, 1987) , maximum-parsimony (Fitch, 1971) and maximum-likelihood methods (Tamura & Nei, 1993) . Bootstrap analysis was based on 1000 resamplings. The MEGA6.0 package (Tamura et al., 2013) was used for all analyses. The resulting maximum-likelihood tree based on 16S rRNA gene sequences is shown in Fig.  1 . Similar results were obtained using the maximum-parsimony and neighbour-joining methods (data not shown Based on 16S rRNA sequence similarity, DNA-DNA hybridization between strain YN2 T and the type strains of P. vulneris and P. rigui was assessed. DNA-DNA hybridization was carried out as described by De Ley et al. (1970) incorporating the modifications described by Huß et al. (1983) , using a Cary 100 Bio UV/VIS-spectrophotometer equipped with a Peltier temperature-controlling programmer (Varian). The values for DNA hybridization of strain YN2
T with P. vulneris JCM 18268 T and P. rigui JCM 16352 T were 22.2 and ,10 %, respectively. In terms of DNA-DNA hybridization, the threshold value for the definition of a species is considered to be 70 % (Wayne et al., 1987) ; consequently, our results indicate that strain YN2 T does not belong to any of the known species of the genus Paenibacillus.
For chemotaxonomic analyses, the biomass of strain YN2 T and the reference type strains was harvested from trypticase soy agar (TSA) (15 g tryptone, 5 g peptone, 5 g NaCl and 15 g agar l
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) plates incubated at 30 8C for 48 h. The diagnostic isomers of diaminopimelic acid in the cell wall were determined with established TLC procedures (Lechevalier & Lechevalier, 1980) . Cellular fatty acids analyses were carried out by the Identification Service of DSMZ, Braunschweig, Germany. Fatty acids were extracted using the method of Miller (1982) , with the modifications of Kuykendall et al. (1988) , and the profile of cellular fatty acids was analysed by GC using the Microbial Identification System (Sherlock version 6.1, MIDI; database TSBA40; GC model 6890N, Agilent Technologies) using GC analysis according to the MIDI Microbial Identification system (method TSBA40). Respiratory lipoquinones were extracted from 100 mg freezedried cells based on the two-stage method described by Tindall (1990a, b) and carried out by the Identification Service of DSMZ. Respiratory lipoquinones were separated into their different classes (menaquinones, ubiquinones, etc.) by TLC on silica gel (no. 805 023, Machery-Nagel), using hexane/ tert-butylmethylether (9 : 1, v/v) as solvent. UV-absorbing bands corresponding to the different quinone classes (e.g. menaquinones or ubiquinones) were removed from the plate and further analysed by HPLC. This step was carried out on a LDC Analytical (Thermo Separation Products) HPLC fitted with a reverse-phase column (2 mm6125 mm, 3 mm, RP18, Macherey-Nagel) using methanol/heptane (9 : 1, v/v) as the eluant. Respiratory lipoquinones are detected at 269 nm. Polar lipids were extracted and separated by two-dimensional silica gel TLC (no. 818 135, Machery-Nagel). The first direction was developed in chloroform/ methanol/water (65 : 25 : 4, by vol.), and the second in chloroform/methanol/acetic acid/water (80 : 12 : 15 : 4, by vol.). Total lipid material was detected using molybdatophosphoric acid and specific functional groups detected using spray reagents specific for defined functional groups (Tindall et al., 2007) .
The major cellular fatty acids found in isolate YN2
T are shown in Table S1 (available in the online Supplementary Material) and are compared with values available for phylogenetically related strains representing species of the genus Paenibacillus. anteiso-branched C 15 : 0 , the major fatty acid in members of the genus Paenibacillus (Shida et al., 1997) was also the major fatty acid component of strain YN2
T , comprising 59.1 % of the total. The second major fatty acid in strain YN2
T was iso-C 16 : 0 (15.9 %). The fatty acid profile of strain YN2
T was similar to those of selected members of genus Paenibacillus, but there were differences in the proportions of some fatty acids. Analysis of the cell-wall peptidoglycan indicated that it was of the A1c type, i.e. meso-diaminopimelic acid as the diagnostic diamino acid. The menaquinone MK-7 was the only major respiratory quinone detected in strain YN2
T , supporting the affiliation of strain YN2
T to the genus Paenibacillus. The polar lipid pattern of strain YN2
T was characterized by the presence of diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylglycerol, phosphatidylmonomethylethanolamine and phospholipid (Fig. S1 ).
The G+C content of the DNA was determined by the thermal denaturation method (Marmur & Doty, 1962 ) using a Cary 100 Bio UV/VIS-spectrophotometer equipped with a Peltier-thermostatted 666 multicell changer and a temperature controller with in situ temperature probe (Varian) with E. coli K-12 as the reference. The G+C content of the genomic DNA of strain YN2 T was 51 mol%, which was in accordance with the description of genus Paenibacillus (Shida et al., 1997).
The phenotypic characterization included the characteristics recommended in the minimal standards for describing aerobic, endospore-forming bacteria (Logan et al., 2009) and was performed according to standard methods described by Dong & Cai (2001) and by using the API 20E, API ZYM and API 50CH systems (bioMérieux) according to the manufacturer's instructions. Light and electron microscopy and analytical techniques were performed as described previously (Niu et al., 2008) . Gram staining was carried out according to the classical Gram-staining procedure described by Doetsch (1981) and the non-staining KOH method as described by Gregersen (1978) . Motility was studied by puncture inoculation in semisolid agar medium. Oxidase activity was evaluated via oxidation of 1 % p-aminodimethylaniline oxalate and catalase activity was determined by production of oxygen bubbles in 3 % (v/v) aqueous hydrogen peroxide solution. Hydrolysis of aesculin, DNA, casein, starch, gelatin, pectin, xylan, CM-cellulose and Tweens 20, 60 and 80 was assessed according to the protocol of Dong & Cai (2001) . Growth under anaerobic conditions was determined after incubation in an anaerobic chamber for about 2 weeks. Growth at various temperatures (4, 10, 15, 25, 30, 37, 42, 45, 50, 52 and 55 8C) was assessed on LB agar and growth at different pH values (pH 4.0-13.0 at intervals of 0.5 pH units) was assessed in LB broth. Media at different pH were buffered with 200 mM Na 2 HPO 4 /100 mM citrate (for pH 4.0-6.0), 100 mM NaH 2 PO 4 /Na 2 HPO 4 (for pH 6.5-8.0) and 100 mM NaHCO 3 /Na 2 CO 3 (for pH 9.0-10.5). Requirement for/tolerance of NaCl was tested in LB broth supplemented with 0-12 % (w/v) NaCl. Growth was also evaluated on TSA at 37 8C after 5 days of incubation. The ability to use different carbon sources was analysed in a basal medium containing different substrates as follows: sugars (0.5 %, final concentration), fatty acids (20 mM, final concentration) and amino acids (0.2 %, final concentration). 
Cells of strain YN2
T were Gram-staining-positive, motile by means of flagella and rod-shaped, 0.9-1.1 mm6 2.6-4.7 mm in size. Strain YN2
T formed ellipsoidal spores, located subterminally in swollen sporangia (Figs S2 and S3) . Colonies on TSA were circular, non-pigmented, slightly convex, smooth, glossy and milky with entire margins, and reached approximately 2.0-3.0 mm in diameter after cultivation at 30 8C for 24 h.
Strain YN2
T grew strictly aerobically and growth occurred from 20 to 50 8C and at pH 5.0-8.5, with optimum growth at 37 8C and pH 7.0-8.0. The strain could grow in the presence of 0-7.0 % (w/v) NaCl. Additional physiological and biochemical characteristics of strain YN2
T are summarized in the species description and Table S2 . Table 1 shows the distinctive phenotypic features of the novel isolate as well as those of closely related species belonging to the genus Paenibacillus yunnanensis sp. nov.
Paenibacillus. Strain YN2 T differed from P. vulneris with respect to growth in the presence of 5 % (w/v) NaCl, the Voges-Proskauer reaction, motility, xylan hydrolysis, and acid production from D-xylose, D-ribose, D-glucose and Dgalactose, and from P. rigui by its ability to grow at 50 8C and in presence of 5 % (w/v) NaCl, the Voges-Proskauer reaction, a-fucosidase activity, Tween 20 and starch hydrolysis, acid production from L-arabinose, D-ribose, D-xylose and inositol, and assimilation of sucrose, D-ribose, D-fructose and L-glutamic acid as carbon sources. Therefore, the phenotypic differences between strain YN2
T and phylogenetically related species of the genus Paenibacillus are in agreement with the DNA-DNA hybridization studies that support the placement of the isolate within a novel species.
Therefore, strain YN2
T can be differentiated genotypically and phenotypically from previously described species and it is proposed that it should be classified as a representative of a novel species, Paenibacillus yunnanensis sp. nov.
Description of Paenibacillus yunnanensis sp. nov.
Paenibacillus yunnanensis (yun.nan.en9sis. N.L. masc. adj. yunnanensis of yunnan province, China, where the type strain was isolated).
Cells are Gram-staining-positive, aerobic, straight rods (0.9-1.1 mm|2.6-4.7 mm) that are motile by flagella. Ellipsoidal endospores are produced, located subterminally in swollen sporangia. Colonies are circular, non-pigmented, slightly convex, smooth, glossy and milky with entire margins, reaching approximately 2.0-3.0 mm diameter on TSA after 24 h. Grows at 20-50 uC (optimum 37 uC), pH 5.0-8.5 (optimum pH 7.0-8.0) and in up to 7.0 % (w/v) NaCl. Positive for nitrate reduction. H 2 S and indole are not produced. Oxidase-and catalase-positive. Voges-Proskauer reaction is positive. With API ZYM and API 20E systems, arginine dihydrolase and a-fucosidase are detected. Valine arylamidase, naphthol-AS-BI-phosphohydrolase and a-mannosidase are weakly active. Tween 20, starch and xylan are not hydrolysed. The following carbon sources are utilized: L-rhamnose, D-mannose, sucrose, D-ribose, D-fructose and L-glutamic acid; L-aspartate is weakly assimilated and glycogen is not utilized as a sole carbon source. In API 50CH tests, acid production from L-arabinose, D-ribose, D-xylose, D-glucose and D-galactose is positive. Acid production from cellobiose, inositol and D-mannitol is weakly positive. The predominant fatty acids are anteiso-C 15 : 0 and iso-C 16 : 0 . The menaquinone MK-7 is the only major respiratory quinone. Cell-wall peptidoglycan contains meso-diaminopimelic acid (A1c type) as the diagnostic diamino acid. The polar lipid profile consists of diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylglycerol, phosphatidylmonomethylethanolamine and phospholipid.
The type strain, YN2
T (5CGMCC 1.12968 T 5JCM 30953 T ), was isolated from a ripened Pu'er tea sample obtained from a manufacturer in Yunnan province, China. The DNA G+C content of the type strain is 51 mol%.
